The ability to manipulate the twisting topology of van der Waals structures offers a new degree of freedom through which to tailor their electrical and optical properties. The twist angle strongly affects the electronic states, excitons and phonons of the twisted structures through interlayer coupling, giving rise to exotic optical, electric and spintronic behaviours [1][2][3][4][5] . In twisted bilayer graphene, at certain twist angles, long-range periodicity associated with moiré patterns introduces flat electronic bands and highly localized electronic states, resulting in Mott insulating behaviour and superconductivity 3,4 . Theoretical studies suggest that these twist-induced phenomena are common to layered materials such as transition-metal dichalcogenides and black phosphorus 6, 7 . Twisted van der Waals structures are usually created using a transfer-stacking method, but this method cannot be used for materials with relatively strong interlayer binding. Facile bottom-up growth methods could provide an alternative means to create twisted van der Waals structures. Here we demonstrate that the Eshelby twist, which is associated with a screw dislocation (a chiral topological defect), can drive the formation of such structures on scales ranging from the nanoscale to the mesoscale. In the synthesis, axial screw dislocations are first introduced into nanowires growing along the stacking direction, yielding van der Waals nanostructures with continuous twisting in which the total twist rates are defined by the radii of the nanowires. Further radial growth of those twisted nanowires that are attached to the substrate leads to an increase in elastic energy, as the total twist rate is fixed by the substrate. The stored elastic energy can be reduced by accommodating the fixed twist rate in a series of discrete jumps. This yields mesoscale twisting structures consisting of a helical assembly of nanoplates demarcated by atomically sharp interfaces with a range of twist angles. We further show that the twisting topology can be tailored by controlling the radial size of the structure.
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The ability to manipulate the twisting topology of van der Waals structures offers a new degree of freedom through which to tailor their electrical and optical properties. The twist angle strongly affects the electronic states, excitons and phonons of the twisted structures through interlayer coupling, giving rise to exotic optical, electric and spintronic behaviours 1-5 . In twisted bilayer graphene, at certain twist angles, long-range periodicity associated with moiré patterns introduces flat electronic bands and highly localized electronic states, resulting in Mott insulating behaviour and superconductivity 3,4 . Theoretical studies suggest that these twist-induced phenomena are common to layered materials such as transition-metal dichalcogenides and black phosphorus 6, 7 . Twisted van der Waals structures are usually created using a transfer-stacking method, but this method cannot be used for materials with relatively strong interlayer binding. Facile bottom-up growth methods could provide an alternative means to create twisted van der Waals structures. Here we demonstrate that the Eshelby twist, which is associated with a screw dislocation (a chiral topological defect), can drive the formation of such structures on scales ranging from the nanoscale to the mesoscale. In the synthesis, axial screw dislocations are first introduced into nanowires growing along the stacking direction, yielding van der Waals nanostructures with continuous twisting in which the total twist rates are defined by the radii of the nanowires. Further radial growth of those twisted nanowires that are attached to the substrate leads to an increase in elastic energy, as the total twist rate is fixed by the substrate. The stored elastic energy can be reduced by accommodating the fixed twist rate in a series of discrete jumps. This yields mesoscale twisting structures consisting of a helical assembly of nanoplates demarcated by atomically sharp interfaces with a range of twist angles. We further show that the twisting topology can be tailored by controlling the radial size of the structure.
Many crystals can be grown into twisted forms on scales ranging from nanoscale to mesoscale and macroscale [8] [9] [10] [11] [12] [13] [14] . Specifically, an axial screw dislocation in a one-dimensional structure can produce a continuous crystallographic twist, known as the Eshelby twist, giving rise to helically twisted nanowire structures 15, 16 . This mechanism potentially provides a means to create twisted van der Waals (vdW) structures. Materials such as germanium sulfide (GeS) can grow into nanowires along the vdW stacking direction (the cross-plane direction) [17] [18] [19] [20] , and introducing Eshelby twist into such nanowires naturally leads to twist between the successive layers. Even though screw dislocations in layered vdW materials are well known [21] [22] [23] , the Eshelby twist has not been considered in those materials. Here we report the observation of the Eshelby twist in vdW materials and show how this enables the synthesis of vdW structures with various twisting morphologies. This approach opens new possibilities for creating twisted vdW structures with tailored topologies.
The synthesis method was demonstrated using GeS, a layered IV-VI monochalcogenide. Twisted GeS structures were synthesized on silicon substrates with a 3-4 nm native oxidized layer by using a chemical vapour transport method with gold as a catalyst (see Methods and Extended Data Fig. 1) . A representative scanning electron microscopy (SEM) image of a mesoscale crystal is presented in Fig. 1a , showing a well-defined helicoidal morphology. The synthesized crystals have varying twist periods ranging from 2 μm to 20 μm, with total lengths up to hundreds of micrometres, and radial sizes ranging from several hundred nanometres to more than 10 μm. They have a three-dimensional architecture consisting of periodically rotating nanoplates with a thickness of several hundred nanometres, as is revealed by cross-sectional transmission electron microscopy (TEM) (Fig. 1b) and cross-sectional SEM images acquired through consecutive focused ion beam milling along the twist axis (Fig. 1d, Supplementary Video 1) . Statistical analysis suggests approximately equal numbers of left-handed and right-handed crystals (Extended Data Fig. 2 ). Quantitative chemical analysis of the structure indicates a 1:1 atomic ratio of Ge:S (Extended Data Fig. 2 ). The crystallography is revealed through synchrotron X-ray Laue microdiffraction analysis with submicrometre spatial resolution 24 . X-ray crystal orientation maps of the structures (Fig. 1e , f, Extended Data Fig. 2) show that the twist axis of the crystal is along the c axis (the cross-plane direction), and the vdW planes, defined by the a and b axes in Fig. 1c , periodically rotate about the c axis such that there is a total twist of 180° in a single period (that is, between two adjacent minimum widths as seen in Fig. 1a) .
Atomic-resolution scanning transmission electron microscopy (STEM) suggests that the nanoplates are single crystals in the space group Pcmn and that the twist interface between the nanoplates is atomically sharp (Fig. 2a, Extended Data Fig. 2 ). The twist angle at this interface is 10.27° (as determined from the change of tilt angle needed to tilt each of the two crystals to the [010] zone axis; Fig. 2a, b) . The twist interface was also characterized by plan-view TEM of the stacking nanoplates with the incident electron beam along the twist axis ( Fig. 2c-e, Extended Data Fig. 3 ). Electron diffraction patterns indicate a misorientation angle of 7.5° between the two nanoplates (Fig. 2c, d) , and double diffraction patterns were clearly observed from the twist boundary (Fig. 2e) . The double diffraction in reciprocal space reflects long-range ordering with a period of 2.26 nm in real space, which agrees well with the simulated rotational moiré pattern (Fig. 2f, g ). In addition to TEM, we used electron backscattering diffraction to measure twist angles (Extended Data Fig. 4 ). In total, 15 twist angles in several structures were quantified, ranging from 6.8° to 16° with an average of 10.3°. Further estimates of the twist angles were based on Letter reSeArCH the number of nanoplates or interfaces per period, obtained from SEM imaging. The distribution of twist angles obtained this way (Fig. 2h) is in good agreement with the direct measurements.
Next, we show that this mesoscopic twist originates from Eshelby twist in the dislocated nanowires that were first grown via the gold-catalysed vapour-liquid-solid (VLS) method (Fig. 3a, b) . In contrast to the VLS growth of GeS nanowires in previous studies 17, 18 , we observed GeS nanowires with continuous morphological twists (Fig. 3c) , reminiscent of the Eshelby twist in non-vdW materials 10, 11 . Eshelby predicted that an axial screw dislocation at the centre of a thin whisker will result in a twist that relieves the elastic energy associated with the screw dislocation 16 . The twist rate is α κ = / b A where b is the magnitude of the Burgers vector b of the screw dislocation, κ is a prefactor related to the geometry of the whisker, and A is the cross-sectional area of the whisker. To grow nanowires with the Eshelby twist, we had to optimize growth parameters including pressures and carrier gas flow rates (see Methods); for non-optimal growth conditions, almost all of the synthesized nanowires are synthesized with no twist (Extended Data Fig. 5) .
We confirmed the existence of the Eshelby twist through TEM studies. In TEM (Fig. 3d) and high-resolution TEM images (Fig. 3e) , a line defect is evident at the centre of the nanowire. Convergent beam electron diffraction (CBED) shows that the nanowire has a crystallographic twist (Fig. 3d) , giving rise to 24° of rotation about the c axis over an approximate distance of 1.4 μm. This amounts to a twist rate of 0.3 rad μm −1 , comparable to the twist rates reported in nanowires of conventional covalent semiconductors 10, 11 . Burgers vector analysis was performed on the basis of g • b contrast in TEM images (Fig. 3f-i) : the dislocation is imaged with different g reflections in reciprocal space and becomes invisible when g • b = 0. Dark-field images were taken for g = (002) and g = (210) for a strong two-beam condition near the [210] zone axis. At g = (002), high contrast of the dislocation was observed, whereas for g = (210), the dislocation became invisible. As such, the direction of Burgers vector is determined to be along the [001] growth direction (c axis), confirming the screw character of the dislocation.
Further radial growth on those nanowires with the Eshelby twist results in mesoscale twisted GeS (Fig. 4a) . We found that the gold nanoparticle that catalyses the VLS growth of the nanowire was present at the tip of the mesoscale structure ( Fig. 4b) , with a size proportional to the period of the structure; here, a large catalyst particle corresponds to a large period. The twist rates of the mesoscale structures are 0.2-1.1 rad μm −1 , comparable to the measured twist rate of the GeS nanowire. Further analysis established a good linear relationship between the overall twist rate of the mesoscale structure and the inverse Letter reSeArCH of the cross-sectional area of the catalyst particle at its contact with GeS. The size of the catalyst particle at the tip of mesoscale structures approximately represents the radial size of the nanowires first axially grown by the VLS process (Fig. 4c) . The relationship between the twist rate and catalyst size effectively reflects the relationship between the twist rate and cross-sectional area of the VLS-grown nanowires (Fig. 4f) , revealing the Eshelby twist mechanism underpinning the formation of the discretely twisting structure. Fitting of the results using the Eshelby model gives a reasonable magnitude of 1.75 nm for κb, which is between one and two lattice constants along the c axis (c = 1.04 nm). This magnitude agrees with the fact that the Burgers vector tends to be the shortest lattice vector (c) to reduce the elastic energy. For a more accurate evaluation of the Burgers vector from the Eshelby model, the anisotropic crystal structure and the complex cross-section of the nanowire should be considered, to correct the overestimation of area arising from our assumption of a circular cross-section and to determine the prefactor κ (ref. 15 ). Although the Eshelby twist is essential, it cannot completely account for the discretization of the mesoscopic twist. For free-standing nanowires, radial growth increases the rigidity of the material, which counteracts the torque applied by the axial dislocation, resulting in the untwisting of the nanowire. This untwisting is in agreement with Eshelby's theory, which shows that the twist rate inversely scales with the cross-sectional area, so that at a radius of a few micrometres, in the Eshelby model, the twist rate becomes negligible 15 . Thus, the high twist rates in the mesoscale twisted GeS that are comparable to the twist rate of dislocated nanowires cannot be interpreted through the Eshelby model alone. The key to the formation of the discretized twisting in the structure is the interaction of the dislocated nanowire with the substrate. During growth, some of the free-standing dislocated nanowires adhere to the substrate. Unlike the free-standing nanowires, further radial growth of the nanowires pinned by the substrate does not result in untwisting, and the high twist rate of the initial nanowire would thus be preserved. This invariance in the twist rate with radial growth is the mechanism that permits us to detect the Eshelby twist in mesoscale GeS (Fig. 4f) . Our experiments (Extended Data Fig. 6 ) verify that the overall twist rate of a pinned structure remains almost constant with increasing radial size, and the twist rate of the mesoscale structure equals the twist rate of the initial nanowire upon substrate pinning.
Without the freedom to untwist, the volumetric elastic strain energy of the pinned nanowires rapidly builds up with radial growth. At a critical radial size, rotational slip of atomic layers is enabled by the weak interlayer vdW bonding in GeS to relieve the strain energy, resulting in the formation of twist boundaries and the discretization of the structure. The reduction of strain energy is counteracted by the increase in interfacial energy associated with the twisted interfaces, and this interplay defines the final twisting morphology. The elastic strain energy of the mesoscale structure is revealed by photoluminescence measurements (Fig. 4d, e) . The photoluminescence emission peak is redshifted by 30 meV (from 748 nm to 766 nm) from the outer region, where the photoluminescence emission is consistent with the emission of strain-free GeS (1.65eV) 25 , to the central region of the structure. This result indicates the existence of torsional strain around the centre of the structure, in accordance with modification of bandgaps induced by screw dislocations as suggested in previous studies 26, 27 . To illustrate this energy competition, we theoretically calculated the change in total energy, ΔE tot , for each segment of the nanowire of length Δl, upon introducing a twist boundary into a pinned nanowire with a twist rate defined by the initial radius R i of the nanowire upon its adhesion to the substrate (see Methods). We propose that ΔE tot has two contributions, Δ = Δ + Δ E E E tot e lastic dis , namely, a term ΔE elastic due to the change in elastic energy in each segment of the wire with length Δl, and a term ΔE dis due to the introduction of the misfit dislocations defining a twist boundary. The ΔE elastic is found to be dependent on both the spacing between the twist boundaries Δl and the radial size of the pinned nanowire. Figure 4g displays ΔE tot for a pinned nanowire with R i = 36 nm as a function of Δl for three different values of radius. The result suggests a critical radius R c , above which it becomes energetically favourable to introduce twist boundaries with a finite 
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100 nm spacing Δl. The critical radius depends on R i , which defines the twist rate of the pinned nanowire (Fig. 4g) ; a small initial radius corresponding to a high twist rate results in a small critical radius. The radial size of dislocated nanowires for our growth ranges from 30 nm to 100 nm, giving rise to critical radii from 40 nm to 150 nm.
For further insight into the dependence of the topology on the radial size of the structure, we examined a twisted nanowire pinned on the substrate with a radius of around 150 nm. TEM analysis (Extended Data Fig. 7 ) confirms that the nanowire possesses twist boundaries at very small twist angles, as well as an almost continuous twisting profile. This very small discrete twisting at the boundaries combined with continuous twisting in the segments between the boundaries is an example of an intermediate twisting state at the onset of formation of the twist boundary. Thus, the 150 nm radial size of the nanowire approximates the critical radius to form the twist boundary. This is in reasonable agreement with the range of critical radii calculated from our theoretical model (Fig. 4g) . The result also reveals the gradual transition of the twisting morphology from initial continuous twisting to intermediate twisting (consisting of both continuous twisting between the twist boundaries and discrete twisting at the boundaries) and eventually to discrete twisting with increasing radial size (schematically shown in Fig. 3a, b) . This allows us to control the twisting profile and angles at twist interfaces by controlling the radial growth of the structure.
The growth mode identified in GeS is likely to be generic and could be used to produce twisted structure in other vdW materials. To demonstrate its versatility, we synthesized mesoscale germanium selenide (GeSe) structures with discrete twisting by depositing GeSe on the twisted GeS nanowires (Extended Data Fig. 8 ). In addition, the twisted structures can be transferred to other substrates using a simple wet-transfer method (Extended Data Fig. 9 ). The bottom-up scheme provides an approach to manipulate the twisting morphology and to realize defect engineering in vdW materials, providing new opportunities to tailor their electrical, optical and thermal properties. Through controlling the radial growth, atomically sharp twist interfaces with a wide and tunable range of twist angles can be created, providing ways to explore 'twistronic' effects in these materials. In addition, the twisting period can be tailored by controlling the diameter of the dislocation-containing nanowires. In contrast to planar and twisted structures, axial structures formed by helical stacking of atomic layers or nanoplates can have a large and modulated chiroptical response due to the periodicity and increased interaction length with light. Moreover, the axial screw dislocation spirally threads the vdW layers, which can improve the electron conductivity along the cross-plane direction 23 . The presence of the dislocation and the twist also enhance the scattering of phonons, lowering the thermal conductivity 28 . The combination of increasing electron conductivity while decreasing thermal conductivity is attractive for thermoelectrics.
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Synthesis. Twisted GeS was synthesized using a horizontal tube furnace with a diameter of 1 inch. The temperature profile of the furnace was measured with a thermocouple. Extended Data Fig. 1 shows a schematic diagram of the furnace and the temperature profiles of the furnace for different heating temperatures at the source site. The substrates used for the synthesis were Si(100) substrates with natural oxidization and thermally oxidized Si(100) substrates with 300 nm silicon oxide. Gold catalyst, 3 nm thick, was deposited on those substrates and was patterned to form microbars in a width of tens of micrometres that are spaced by a few hundred micrometres, using photolithography and electron-beam evaporation deposition. Before the synthesis, the furnace was pumped down to a base pressure of 5 mTorr and flushed with argon gas blended with 4% hydrogen several times. In the synthesis, GeS powder (Sigma-Aldrich) was placed at the centre of the tube and heated to evaporate at a fixed pressure flowing with Ar/4% H 2 carrier gas. The substrates were placed 10-12 cm downstream from the GeS source. Typical growth conditions utilize pressures of 1-2 Torr, flow rates of 20-50 standard cubic centimetres per minute (sccm), source temperatures of 400-450 °C, deposition temperatures of 350-400 °C and a growth time of 20 min. Characterization. Laue X-ray microdiffraction analysis. The crystallinity and orientation of the twisted structures were examined by scanning Laue X-ray microdiffraction (μSXRD) with submicrometre spatial resolution on beamline 12.3.2 of the Advanced Light Source synchrotron at the Lawrence Berkeley National Laboratory. The sample was raster scanned with a 0.5 μm step size and a Laue pattern collected at each step. The Laue patterns were then indexed using the XMAS software, providing orientation map of the sample. TEM sample preparation. Cross-sectional TEM specimens were prepared from mesoscale and nanoscale twisted GeS structures growing on silicon substrate using a FEI Strata 235 dual beam focused ion beam (FIB) system and an FEI Nova 600 FIB. Low-energy argon ion milling at 900 eV was further used to minimize sidewall damage and to thin the specimen for electron transparency. Free-standing nanowires that grew vertically on the substrate were mechanically transferred to copper TEM grids for TEM analysis. Electron microscopy. SEM imaging was performed using a Zeiss Gemini Ultra-55 Analytical SEM. Electron backscattering diffraction (EBSD) was performed in a FEI Strata 235 dual beam FIB at 20 keV using an equipped EBSD detector. EBSD orientation maps were generated and analysed using OIM software. TEM analysis was performed using a FEI TitanX, a JEOL 3010 in situ TEM, an Argonne Chromatic Aberration-corrected TEM (ACAT), and a FEI Titan 80-300 ST with both spherical and chromatic aberrations correctors. Atomic resolution HAADF-STEM images were acquired using the monochromated, aberration-corrected TEAM 0.5 TEM at the Lawrence Berkeley National Laboratory, operating at 200 keV. Optical characterization. Photoluminescence measurements and mapping were conducted using a Horiba Jobin Yvon LabRAM ARAMIS automated scanning confocal Raman microscope under 532 nm excitation. Theoretical model. The periodicity of the twist boundaries in the nanowires can be explained using a simple model rooted in the Eshelby twist 16 and the associated strain energy, the fact that the nanowires are adhered to the substrate, and the notion of a critical thickness for misfit dislocations to arise.
We can build a semiquantitative model for the process to estimate the spacing of the twist boundaries. We assume that the nanowire can, at all times, be modelled as a cylindrical wire with radius R. The wire grows very rapidly in the initial stages, owing to the VLS process and the screw dislocation along the wire axis. The radius of the nanowire at this stage is assumed to be R i . Growth to radii beyond that of the gold droplet, however, is much slower, and is mediated by direct deposition. The screw dislocation along the axis of the nanowire introduces a net torsion into the wire, and this torsion leads to the so-called Eshelby twist 16 , where the twist rate of the wire, α, is given by:
where b a is the Burgers vector of the axial screw dislocation.
In the initial growth process, the wire comes into contact with the substrate and bonds to it. The result of this bonding is that the total twist rate of the wire is fixed at α throughout the remainder of the growth process. As the radius of the wire increases during the growth, the equilibrium twist rate is reduced below that of equation (1). However, since the wire has a net twist rate given by equation (1), this leads to an excess of torsional strain energy stored in the wire. We hypothesize that this excess strain energy can be reduced by the introduction of twist boundaries into the nanowire. These twist boundaries can reduce the torsional strain energy in the cylinder but introduce an array of misfit dislocations to define the twist boundary. The interplay between these two effects can define the critical thickness separating twist boundaries 29 . The critical distance so defined represents a lower limit on the spacing of the twist boundaries, as kinetic effects might lead to larger spacings than those predicted by the model.
We will first assume that we can model the nanowire as a cylinder of radius R that is growing along the z-direction. The total change in elastic energy upon introducing twist boundaries with a spacing ∆l can be computed. The twist boundaries are defined by two perpendicular arrays of screw dislocations that are introduced into the wire in crossed pairs. The introduction of n pairs of dislocations, each with Burgers vector of length b m , at a spacing = d R n 2 within the plane of the twist boundary creates a twist boundary with the twist angle, θ, given by 30 :
We then note that the change in elastic energy ΔE elastic , in a wire of length ∆l, upon introducing the twist boundary described by equation (2) is given by: Here K s is the torsional shear modulus of the material. The reduction in elastic energy, equation (3), is countered by the introduction of n pairs of misfit dislocations. The energy of these dislocations E dis is taken to be, approximately,
with βb m the core radius of the misfit dislocations defining the twist boundary, and K e the elastic constant governing the line energy of the dislocation computed from anisotropic elasticity theory [30] [31] [32] . For simplicity, we take both sets of screw dislocations defining the twist boundary to have the same Burgers vector, and we assume that all have the same length, R 2 . (GeS is orthorhombic, so the screw dislocations in question have slightly different lengths of Burgers vectors. We choose the shorter of the two vectors, and the spacing is then that associated with the smallest of the Burgers vectors. For a pure twist boundary, the ratio / b d m is fixed to be the same constant for both sets of dislocations.)
These two contributions can be summed to give the total change in energy upon introduction of a twist boundary with n pairs of misfit dislocations 29 at intervals of ∆l. We choose to measure all lengths in terms of b m , all elastic constants in terms of K s and all energies in units of K b s m 3 . In non-dimensional form, the expression for the change of energy, ΔE , tot for a wire of radius R with twist rate fixed at a radius R i , becomes:
where all variables now refer to their dimensionless versions. Equation (5) enables exploration of the relationship between twist boundary spacing and the materials properties. There are only three constants that appear in equation (5): β, b a and K e . The parameter β defines the core radius of the misfit dislocations. Typically, one expects β to be the order of 1, and we choose to set β = 1. The in-plane lattice parameters of GeS (according to the Materials Project Database 33 ) are given by = .
a 0 36 nm and = . b 0 44 nm. We choose a to set our length scale. With this choice, the dimensionless axial Burgers vector length becomes = .
b 2 889 a . We begin by considering ΔE tot as a function of ∆l, at fixed values of R i and R. Determination of the exact value for K e is beyond the scope of this project. On the basis of rough calculations, we estimate that = / K 3 4 e . Extended Data Fig. 10 displays the change in total energy for a cylinder with dimensionless twist radius defined at radius = R 100 i (that is, 36 nm, comparable to the experiment) for three different values of R. Note that there is a critical value for R at which it becomes possible to introduce the misfit dislocations. When R exceeds this value, the dislocations can be introduced over a finite range of ∆l. This unusual dependence is simple to understand. For small ∆l, the twist rate is markedly decreased through the introduction of a single twist boundary. However, as ∆l grows, the average twist rate reduction due to each twist boundary decreases. The result is that if ∆l is too large, the reduction in torsional strain energy due to a single twist boundary cannot be large enough to generate the dislocations of the twist boundary.
The critical ∆l values predicted by the model at the critical R are too small, hovering near 30 nm, whereas the experiment indicates values nearer to 200 nm. There are many potential origins for this discrepancy, but we believe that the kinetics of misfit dislocation introduction are the most important. Consider a cylinder, again with the twist radius initially fixed at = R 100 i (in unit of b m ). As it grows below the critical radius, there is no driving force to create any twist boundary, since introducing a twist boundary always increases the energy. However, as the cylinder slightly exceeds the critical radius (for example = R 140), a twist boundLetter reSeArCH ary can be introduced, and for a larger radius ( = R 150), it is possible to have separations up to approximately 800 (in dimensionless units) between twist boundaries while still reducing the total energy. On reinserting dimensions into these equations, the model predicts that twist boundaries can be introduced into the nanowire when its radius approaches 50 nm. By the time the wire is 54 nm in radius, the critical spacing range over which a twist boundary would be stable, ∆l, includes thicknesses ranging from 18 nm to 288 nm. It is likely that introduction of the misfit dislocations to create the twist boundaries will require the overcoming of kinetic limitations, and that the nanowire will continue to grow radially while these kinetic limitations are being overcome. Given the sensitivity to the radius of the wire and the simplicity of the model, the separations agree well with the experimental observations.
Data availability
All data supporting the findings of this study are available within the paper.
